BACKGROUND: Oligoclonal free kappa bands are present as frequently as oligoclonal IgG bands in the cerebrospinal fluid (CSF) from patients with definite multiple sclerosis (MS) and can even occur in the absence of oligoclonal IgG. As such, they too are markers of an ongoing intrathecal immune process. OBJECTIVES: To determine how frequently oligoclonal free kappa bands are detectable in the CSF from patients with clinical signs and symptoms suggestive of MS in the absence of CSF restricted oligoclonal IgG. METHODS: An immunoaffinity mediated immunoblotting technique specific for free kappa chains was used, after isoelectric focusing of paired CSF and serum samples from 33 patients with clinical signs and symptoms suggestive of MS but without CSF oligoclonal IgG. CSF data were correlated with MRI results in the context of the new diagnostic criteria from McDonald et al. RESULTS: Eighteen CSF samples contained oligoclonal free kappa bands (54%), mainly from patients with motor dysfunct...
Background: Oligoclonal free kappa bands are present as frequently as oligoclonal IgG bands in the cerebrospinal fluid (CSF) from patients with definite multiple sclerosis (MS) and can even occur in the absence of oligoclonal IgG. As such, they too are markers of an ongoing intrathecal immune process. Objectives: To determine how frequently oligoclonal free kappa bands are detectable in the CSF from patients with clinical signs and symptoms suggestive of MS in the absence of CSF restricted oligoclonal IgG. Methods: An immunoaffinity mediated immunoblotting technique specific for free kappa chains was used, after isoelectric focusing of paired CSF and serum samples from 33 patients with clinical signs and symptoms suggestive of MS but without CSF oligoclonal IgG. CSF data were correlated with MRI results in the context of the new diagnostic criteria from McDonald et al. Results: Eighteen CSF samples contained oligoclonal free kappa bands (54%), mainly from patients with motor dysfunction (83%) and optic neuritis (64%). All patients with a positive MRI according to Barkhof's criteria (n = 6) had free kappa bands in their CSF. Conclusions: (1) Oligoclonal free kappa bands in the CSF are related to the dissemination of MS lesions; (2) such bands should be looked for in oligoclonal IgG negative CSF, and (3) the presence of free kappa bands in the CSF may be a substitute for oligoclonal IgG in the McDonald's criteria for diagnosis of MS.
I n a previous study, 1 we reported the frequent occurrence of cerebrospinal fluid (CSF) specific oligoclonal free kappa bands (92%), and the less frequent appearance of free lambda bands (69%), in a group of 48 patients with clinically definite multiple sclerosis (MS). In this group, all oligoclonal IgG positive CSF but one (n = 40) contained free kappa bands. Interestingly however, five oligoclonal IgG negative CSF samples contained free kappa bands. This observation suggested that an intrathecal immune reaction could be more sensitively detected by the presence of such bands. Indeed, free kappa bands were never present in the CSF of patients without neurological disorders (n = 26) and rarely detected in non-MS neurological diseases (seven out of 44 or 16%). 1 Detection of CSF specific oligoclonal IgG bands (two or more) was the topic of a consensus report 2 but the value of detecting free kappa bands has not yet been widely established. In the present study, CSF samples with no or only a single IgG band from patients presenting with clinical signs and symptoms suggestive of a demyelinating event, were specifically analysed for free kappa bands. CSF data were compared with the clinical signs and the results of MRI scans.
PATIENTS
Thirty three patients (mean age 35; range 18-63) were studied. They presented isolated clinical signs and symptoms suggestive of MS: optic neuritis (n = 11), objective sensory impairment (n = 7), motor impairment (n = 6), diplopia and/ or vertigo and/or ataxia (n = 8), neurogenic bladder (n = 1). Extended blood analysis and microbiological tests excluded other autoimmune, infectious, or metabolic disorders. Cerebrospinal fluid analysis showed no specific oligoclonal IgG bands (n = 29) or only one IgG band not present in the corresponding serum (n = 4). The IgG index and/or the intrathecal fraction as determined by Reiber's formula 5 were normal or negative. The determination of oligoclonal free kappa chains in the serum and the CSF was done retrospectively but without knowledge of MRI results.
MATERIALS AND METHODS

Samples
All paired samples of CSF and serum were collected between December 1997 and September 2000 in Brussels or in Lausanne and were stored at 280˚C. IgG concentration was determined by immunonephelometry (Beckmann Array). Routine detection of oligoclonal IgG bands was performed with slightly different techniques in both sites (affinity immunotransfer in Brussels 1 and double immunostaining in Lausanne 6 ). In addition, all CSF samples from Lausanne were retested in Brussels for oligoclonal IgG with identical negative results.
Detection of oligoclonal free kappa bands
Oligoclonal free kappa bands were determined by an immunoaffinity mediated capillary blotting technique as previously described.
1 This technique has a detection limit of about 25 ng of free kappa Bence-Jones protein and does not show cross reactions, neither with up to 1200 ng of 
the anti-free kappa antiserum, first on the polyvinyl pyrrolidone fluoride (PVDF) sheet for the immunoaffinity transfer, and then for the immunodetection after biotinylation. 4 although intravenous gadolinium DTPA was performed in only 17 of the 33 patients (51%). According to Barkof's criteria, MRI is considered as positive for MS when three of the four following are present: (1) one Gadolinium (Gd) enhancing lesion or nine T2 hyperintense lesions if no Gd enhancing lesion; (2) one or more infratentorial lesions; (3) one or more juxtacortical lesions; (4) three or more periventricular lesions. For each of these items, a spinal cord lesion can substitute for a brain lesion. If these criteria were not fulfilled, but two or more MRI lesions consistent with MS were observed, we used the term ''suggestive MRI''. Normal MRIs or non-specific lesions (a single lesion or a few millimetric lesions) were considered as unhelpful for the diagnosis of MS.
Magnetic resonance imaging
Magnetic resonance imaging of the cerebrum, cerebellum, and brainstem was performed in the first 15 days after clinical onset for 26 patients and between 16 and 30 days for the seven remaining cases. If clinical signs suggested spinal cord involvement,
RESULTS
According to study selection criteria, no CSF samples contained oligoclonal IgG bands and four contained only one IgG band not present in the corresponding serum. In contrast, in 18 (54%) of the 33 patients, two or more oligoclonal free kappa bands were observed in the CSF and not in the paired serum (fig 1) . The kappa bands appeared most frequently in the CSF from patients with motor impairment (5/6 or 83%) followed by those with optic neuritis (7/11 or 64%), and sensory impairment (3/7 or 43%). The CSF from patients with diplopia, vertigo, or ataxia rarely showed free kappa bands (2/8 or 25%). Cerebrospinal fluid from the patient with isolated neurogenic bladder also showed free kappa bands. Of note, three of the four CSF samples with one single IgG band contained oligoclonal free kappa bands.
Magnetic resonance imaging was positive for MS in only six cases and free kappa bands were present in all six cases (table 1). Two or more suggestive MRI lesions were found in 11 patients and the CSF from seven of these (64%) contained free kappa bands. Non-specific or normal brain MRI findings were observed in 16 patients of which four presented at least one spinal cord lesion; only five of these 16 (31%) displayed free kappa bands in the CSF and one had a single IgG band without free kappa chains.
DISCUSSION
In a previous study, 1 we found a high occurrence (92%) of free kappa bands in the CSF from MS patients, and not in their serum. Their presence was significantly correlated with their CSF concentrations; 9 their absence in the corresponding sera is the result of a dilution effect in blood volume. In addition, the high renal clearance of low molecular weight proteins concentrates them in the urine, and increased amounts of electrophoretically homogenous free light chains have been detected in the urine of certain patients. 10 It is unlikely that the presence of free kappa bands is related to the degradation of immunoglobulins, as free heavy chains (c, a, m) are never found in the CSF. 11 In contrast, excess free light chains have been detected in sera from patients with increased synthesis of immunoglobulins, as observed in chronic leukaemia, multiple myeloma, and immune disorders, such as Sjögren's syndrome.
We carefully selected patients with clinical signs and symptoms suggestive of MS, but without CSF restricted oligoclonal IgG as defined in the European consensus paper. 2 Four of these patients did, however, display a single abnormal IgG band without a corresponding band in the serum; the clinical significance of this finding remains elusive. 12 We looked for the presence of free kappa bands in the CSF, as these are more specific for MS than lambda bands, as shown in previous studies by us 1 and others. 13 In addition, kappa/lambda ratios of CSF IgG from MS patients have been repeatedly shown higher than those of normal controls. 
Free kappa chains in cerebrospinal fluid
Detection of free light chains has at least three theoretical advantages over IgG detection: (1) because of a lower molecular weight, free light chains may diffuse more easily into the subarachnoid space; (2) IgG molecules may be bound either to their specific antigen(s) via their F(ab') 2 fragments or to myelin or cellular plasma membranes via their Fc fragments within the nervous tissue; (3) free light chains are more easily detectable by immunoblotting techniques than IgG bands, because of the absence of a polyclonal background.
Free kappa bands were detected in 18 of 33 patients, mostly in those with motor impairment (5/6, 83%) and with optic neuritis (7/11, 64%), this latter figure being similar to what we observed in a cohort of 27 patients with optic neuritis (55%). 15 The most striking finding, however, was the correlation between the occurrence of free kappa bands and the presence of MRI abnormalities. All patients with a positive MRI, as defined by Barkhof's criteria, 7 displayed free kappa bands, as did seven of the 11 patients (64%) with a suggestive MRI. This percentage dropped to 31 (5/16) in patients with normal or non-specific MRI scans. In addition, three of the four patients with a single IgG band had CSF free kappa bands, indicating that the finding of a single IgG band is worth noting and has an immunological relevance.
We can conclude, therefore, that (1) the presence of free kappa bands in the CSF is related to the dissemination in space of the MS lesions; (2) free kappa bands should be looked for when CSF is oligoclonal IgG-negative, and (3) free kappa bands in the CSF may be substituted for oligoclonal IgG in the new McDonald criteria for diagnosis of MS.
